Abstract. Recently, multiwave dynamical theory of neutron diffraction by a moving grating was developed. The theory predicts that at a certain height of the grating profile a significant suppression of the zero-order diffraction may occur. The experiment to confirm predictions of this theory was performed. The resulting diffracted UCNs spectra were measured using time-of-flight Fourier diffractometer. The experimental data were compared with the results of numerical simulation and were found in a good agreement with theoretical predictions.
Introduction
Diffraction of neutron waves, like most other neutron-optical phenomena, has been considered for a long time from the point of the demonstration of the wave properties of a neutron and for the test of the predictions of stationary quantum mechanics. At the same time, it is known that neutron optics acquires new qualities in the cases when any parameters describing the interaction of a neutron beam with objects begin to depend on time. Nonstationary actions on a neutron wave allow variate significantly its characteristics such as the energy spectrum, phase, spin, intensity, direction of propagation, etc.
Neutron diffraction under certain conditions can also be considered as a nonstationary phenomenon. It was shown [1] [2] [3] that in the case of an absorbing or a phase grating moving across a monochromatic beam of ultracold neutrons (UCN), the grating can serve as a quantum modulator of a transmitted wave and the spectrum of neutrons passed through it is discrete.
The phenomenon of neutron diffraction on a moving grating has found its application in experiments on the test of the weak equivalence principle for a neutron [4] . The continuation of this investigation [5] [6] [7] and recent theoretical results [8] required a more rigorous investigation of the UCN spectra after diffraction by a moving grating.
Theory of neutron diffraction from a moving grating
The problem of diffraction on a moving grating can be resolved in the coordinate system where the grating is at rest (fig 1b) . In the laboratory coordinate system (fig 1c) the neutron energy is quantized, energy spectrum consists of discrete lines, and the neighboring lines of the spectrum differ by a value . The frequency  is determined by the velocity V and the period d of the lattice . Fig.1 . Schemes of neutron diffraction on a grating: a -the grating at rest, ; b -the coordinate system moves together with the grating, ; c -moving grating in the laboratory coordinate system, .
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In Refs. [1] [2] [3] , neutron diffraction from the moving grating was considered within the framework of the kinematic theory. An essential disadvantage of this theory is the fact that it is valid only for thin gratings where there is no any mutual effect of waves of different diffraction orders. To describe diffraction on real gratings, a more rigorous dynamic theory should be used.
The dynamic theory of diffraction developed in [8] is based on the method of slowly varying coupled amplitudes of wave functions. It takes into account the mutual effect of waves of different orders in the process of penetration of neutrons into the three-dimensional phase grating and is based on the solution of the Schrödinger equation in the coordinate system where the grating at rest:
where  -the Laplace operator, k -neutron wave number in vacuum, (r) = 4N(r)b(r), N(r) -nuclear density, b(r) the coherent scattering length of neutrons in the medium. Periodic in the range 0  z  h function (x) is represented in the form of the series: ,
where g n = ng 0 , g 0 = 2/d, n = 0, 1, 2, … -integer numbers, and .
The zero Fourier amplitude  0 determines the value of the average refractive index of the gratingn e = (1   0 /k 2 ) 1/2 in the layer of thickness h.
The solution of Schrödinger equation in the range 0  z  h, in view of (2) and (3), is represented in the form of the sum of Bloch functions with the amplitudes  m (z) depending on the vertical coordinate z: ,
where the projections of the wave vectors
Substituting (3) and (4) into (1) and equating terms with the same exponents, the following infinite system of coupled second-order differential equations was obtained:
where
The solution of system (6) is a rather laborious task. However, it is substantially simplified if the second derivatives in this system are neglected. As shown in [4] , under conditions corresponding to real experiments, such approximation does not lead to significant errors. As a result, the following system of truncated differential equations of the first order was obtained:
The system (8) should be supplemented by the following boundary conditions:
The coefficients  m in (8), and, thereby, the functions  m (z), depend on the velocity of the grating V gr , the horizontal projection of the neutron velocity V 0x , the grating period d and the diffraction order m. They are zero for both at m = 0 and under the Bragg condition 2(k V  k 0x ) = g m . The system (8) is solved numerically.
Experiment
One of the predictions of the dynamic theory of diffraction [8] is that at a certain height of the grating profile a significant suppression of the zero-order diffraction may occur with a corresponding increase in the intensity of the lines of other orders (Fig.2) . The aim of the experiment was to confirm this prediction. The experiment was performed at the PF2 UCN source of the Laue-Langevin Institute (Grenoble, France). As in the previous experiments [3] [4] [5] [6] [7] , a rotating grating was used instead of linearly moving grating (Fig. 3) . The grating was prepared on the surface of a silicon disk. Radial grooves were made in the peripheral region of the disk. Two gratings were used. New grating (Grating 1) with 84000 grooves and the depth of 0.22 μm was specially manufactured for this experiment. Grating 2, with 94500 grooves and the depth of 0.14 μm was the same as in experiment [7] .
Ultracold neutrons were fed to the entrance chamber through the UCN neutron guide and, after several reflections, fell down the annular channel with the lower section closed by a monochromator, which is a five-layer Ni-Ti neutron interference filter (NIF) [9] . To suppress the background of neutrons with energies higher than the effective potential of nickel, the filter-monochromator was combined with a multilayer "superwindow" filter [10] . Two NIFs with maximum of resonant transmission at 107 (NIF1) and 115 neV (NIF2) and FWHF 4 neV were used. The neutron spectrum formed by the filter-monochromator and transformed by the moving grating was measured using time-of-flight Fourier spectrometry technique [11] . The measurements were done for different frequencies of the grating rotation from 2400 to 6000 rpm. In Fig.5 the results of the time of flight measurements of the diffraction spectra for the grating 1 and NIF1 are displayed. It is clearly seen in this picture that intensity of the zeroth diffraction order decreasing when the rotation speed is increasing from 2400 to 4800 rpm but increasing again for the rotation frequency 6000 rpm. To compare spectra formed by grating 1 and grating 2, the measurements with the grating 2 and NIF 1 have been also made with the rotation frequency 4800 (See Fig.6 ).
The measurement with grating 1 were repeated with NIF2 after some modification of the experimental installation ( fig. 7) . The results of this measurement were compared with the results of detailed calculation. To do that a computational-mathematical model of the experiment was created. The model includes a numerical calculation of the spectrum of UCN transmitted through a rotating radial grating using formalism of dynamic theory of neutron diffraction on moving grating [8] , as well as a Monte Carlo simulation of the process of measuring of the neutron spectrum obtained after diffraction. fig.2 it is necessary to consider that in this last the total intensity of the diffraction order has to be correlated with the integral under the
